Introduction: Pseudoaneurysm is a dilatation of an artery with actual disruption of one or more layers of its wall, rather than just expansion of wall layers. Pseudoaneurysms are common vascular abnormalities. Computed Tomography (CT), Magnetic Resonance Imaging (MRI), sonography, and angiography all are valuable modalities in the imaging workup of pseudoaneurysms. Conventional angiography remains the gold standard for diagnosis. Therapeutic options have evolved in recent years from the traditional surgical option toward a less invasive approach which includes procedures such as Ultrasound (US)-guided compression, US-guided percutaneous thrombin injection, and endovascular management (embolization, stent-graft placement and endovascular coiling). Objective: In this article, we discuss pseudoaneurysms of various arteries, and available percutaneous and endovascular treatment options. Materials and Methods: Sixteen patients diagnosed with pseudoaneurysm involving visceral and peripheral arteries were included in this study. The initial diagnosis was made with CDUS, CECT, and CTA followed by catheter angiogram for therapeutic procedures. Results: All the 16 patients with pseudoaneurysms were successfully treated with endovascular and percutaneous embolization to achieve stasis. Conclusion: CT, MRI, sonography, and angiography may all be valuable in the imaging workup of pseudoaneurysms. The use of minimally invasive treatment has led to a marked decrease in the morbidity and mortality rates for pseudoaneurysms.
catheter angiogram for therapeutic procedures. The table (Table 1) shows the individual case details in the form of the cause of pseudoaneurysm, arterial site of involvement, embolizing agent used and final outcome.
Discussion
Pseudoaneurysm is one in which the wall of the artery is perforated with focal dilatation.
Clinical Features
Pseudoaneurysms may be asymptomatic and detected incidentally during radiologic procedures for other etiologies. Most of the patients with visceral artery aneurysms (VAA) are often asymptomatic (72%) [1] . Symptomatic pseudoaneurysms manifest with local or systemic signs and symptoms. Local effects of a pseudoaneurysm are secondary to mass effect on adjacent structures. They may manifest as a palpable thrill, audible bruit, or pulsatile mass. Ischemia of the surrounding tissues due to vascular compromise may lead to necrosis of the organ and adjacent tissue. Thromboembolism is also a potential complication. In addition, rupture of pseudoaneurysm leads to lethal complications such as hypo-volumic shock, hematemesis, malena or SAH.
Diagnosis
There are various modalities available to confirm the diagnosis of pseudoaneurysm which include non-invasive and invasive modalities. Non-invasive methods includes CDUS, CTA and MRA, and Non-invasive methods includes catheter angiogram. Non-invasive methods is the preferred modality to make the diagnosis. However in some special cases the non-invasive modalities do not reveal pseudoaneurysm, then catheter angiogram should be done (Figure 1) . 
Treatment
Although surgery was the gold-standard treatment in the past, several less invasive treatment options are more popular today [1] [2] .
Ultrasound-Guided Compression
Ultrasound-guided probe compression of the neck of the pseudoaneurysm is a novel non-invasive method of treatment with narrow neck. The ultrasound probe is pushed firmly against the neck of the pseudoaneurysm usually for about 20 minutes. The blood within the pseudoaneurysm clots during this time interval. This procedure needs to be repeated multiple times. It is less successful in wide neck pseudoaneurysms, obese patients and patient on anticoagulant. It is the least invasive method to stop arterial bleeding.
Ultrasound-Guided Thrombin Injection
Under ultrasound guidance, thrombin can be injected directly into a pseudoaneurysm which leads to rapid clot formation. Thrombin (factor IIa in the coagulation cascade) is a clotting factor that converts fibrinogen into fibrin, which then polymerizes to form a blood clot. The technique is relatively easy to perform and is minimally invasive.
Endoluminal Management
Endoluminal management serves to exclude a pseudoaneurysm from the circulation. Treatment option depends on the size of the pseudoaneurysmal neck and the expendability of the donor artery (Figure 2) . Exclusion methods fall into two broad categories: embolization and stent placement. A pseudoaneurysm that arises from an expendable donor artery and does not have a collateral supply such as a visceral branch (e.g., a segmental or intra-lobar renal arterial branch) is treated with embolization of the afferent artery. There are visceral arteries that have a well-established collateral supply, such as gastroduodenal, hepatic, and splenic arteries and other upper gastrointestinal arteries. Some pelvic and distal extremity arteries also have good collateral supply-such as the internal iliac arteries and the profunda femoris arteries. When embolizing arteries with numerous collateral vessels, one must embolize both proximal and distal to the pseudoaneurysm to completely exclude it from the circulation by preventing backflow from the collateral circulation.
Pseudoaneurysm arising from an in-expendable artery must be excluded from the circulation while preserving the donor artery. The width of the pseudoaneurysmal neck is the key determining factor in this method. If the vital donor artery has to be embolized in certain emergent situations then distal flow must be restored by means of a surgical bypass procedure to prevent end organ damage.
If the neck is narrow, the sac may be embolized with catheter-directed delivery of coils itself. Coils can be non-detachable and detachable. With the availability of newer platinum based coils which are softer, and have a more complex (helical/3D) shape; conforming to the shape of sac allowing use of fewer coils for embolization. However, because platinum coils are softer, initial placement of stainless steel coils may be required to act as scaffolding. Use of detachable coils facilitates more accurate deployment and the possibility of readjustment before its final deployment. Potential disadvantage of coils in the pseudoaneurysmal sac is recanalization which is overcome by the use of soft helical coils. Other agents such as thrombin or N-butyl 2-cyanoacrylate (glue) may be used, either alone or in addition to coils. If the neck is wide, the pseudoaneurysm can still be embolized with catheter-directed delivery of embolizing materials. However, remodelling is required to prevent outflow of these materials into distal donor artery and to ensure adequate embolization of the pseudoaneurysmal sac. This remodelling may be performed with stent cage, stent assisted coiling or flow diverter. If distal arterial embolization is a concern, detachable balloons may be used as the embolic agent. Another option, if the pseudoaneurysmal neck is wide, is stent-graft (covered stent) placement across the neck to exclude the pseudoaneurysm. This method is relatively contraindicated in mycotic pseudoaneurysms due to potential stent-graft infection. Visceral pseudoaneurysms, which are usually smaller and located off small and tortuous donor arteries, pose a particular challenge for stent-graft placement.
Endovascular techniques have a lower complication rate than does surgical management. Complications associated with endovascular techniques include intra-procedural rupture of the pseudoaneurysm, recanalization of the embolized vessel and reconstitution of arterial flow to the pseudoaneurysm (delayed failure of embolization).
Various embolic agents are available such as Ethanol, gel foam particles, Poly Vinyl Alcohol (PVA), microcoil, detachable balloons and N-butyl-2-cyanoacrylate [3] . Intra-arterial ethanol injection reduces the vascularity of vascular lesions to facilitate their surgical resection; selective arterial injection induces luminal thrombosis with endothelial loss with varying degrees of medial necrosis, leading to its occlusion. Temporary embolizing agents such as PVA and Gel-foam has several limitations which includes: 1) reflux of embolic material into the normal arteries, particularly if a small distal vessel has not been super-selectively cannulated, 2) a larger vessel may be difficult to occlude, 3) recanalization of the vessel due to resorption of the embolizing agents. In moderate-sized vessels, steel coils or detachable balloons may also be used. Cyanoacrylic glue is a permanent efficiently occluding agent that has been successfully used for more than 20 years in the endoluminal treatment of vascular cerebral malformation [3] . According to Soyer et al. [3] , the use of n butyl-2-cyanoacrylate is less expensive than the microcoil.
Surgical Ligation (with or without Distal Bypass)
Open surgery may also be performed to remove pseudoaneurysms or prevent them from expanding. However, it is more invasive and, there is more postoperative pain and risk for wound infection. One of the less invasive options may be preferred in a patient with many co morbidities, which is at high risk for surgery. Hepatic artery pseudoaneurysms (HAPA) are rare. However, rupture is common and occurs in 76% of patients [4] . The right hepatic artery is the most common artery involved. Hepatic, biliary or pancreatic procedures (e.g. liver biopsy, cholecystectomy, hepatectomy, liver transplantation and biliary trans-hepatic drainage) can cause HAPA. Although pseudoaneurysm may present with epigastric or subcostal pain, the most common presentation is bleeding that may present with rupture several months to years after undergoing any of these procedures. Duodenoscopy is useful for detecting bleeding from the papilla in many patients. Doppler ultrasonography can detect HAPA, but the most useful diagnostic procedure is catheter angiogram. There are different options available for the treatment however the factors that affect treatment choice are institution's preference, general condition of the patient, morphological characteristics and the anatomic location of the lesions. HAPA with different causes were treated by endovascular embolization (Figure 3) . Surgical options are reserved for those who fail embolization [5] .
One of our patients presented with hematemesis, malena and recurrent abdominal pain. His history revealed surgical drainage of large liver abscess 2 months ago. After stabilization, emergency esophagogastroduodenoscopy was performed which blood oozing from duodenal papilla. Ultrasound revealed right hepatic pseudoaneurysm with large peripheral thrombus and subcapsular haematoma. Gall bladder wall was thickened and lumen was filled with hyperechoic areas consistent with hematoma. Findings were confirmed on the CT angiogram which demonstrates the right hepatic artery aberrant origin from inferior mesenteric artery. Endovascular embolization was successfully using 20% glue. Bleeding was stopped; blood pressure and heart rate were stabilized. Post-op MRI revealed no evidence of the infarct in the right lobe of the liver. Patient was discharged from hospital after recovery. Follow up after 2 months the patient was asymptomatic.
Posterior circulation pseudoaneurysms are more common in young patients especially after trauma. We have a 17-year-old male patient who presented with severe headache. On plain CT head, there was left medial temporal lobe hematoma with Subarachnoid haemorrhage (SAH). Previous history revealed fall from bicycle 2 months back with no active haemorrhage on CT. Catheter angiogram shows saccular aneurysm in the left Posterior cerebral artery (PCA) P2/P3 junction likely post-traumatic pseudoaneurysm/dissecting aneurysm. Endovascular coiling was performed with occlusion of the aneurysmal sac. Follow up check angiogram at 3 month showed recurrence of pseudoaneurysm which was further managed with parent artery occlusion (Figure 4) .
These aneurysms have different etiology than a traditional saccular aneurysm. They are usually seen at the junction of P2/P3 segment which traverses across the tentorium cerebri [6] . Stress on the vessel wall along the edges of tentorium is one possible theory to explain the development of the dissecting aneurysm/pseudoaneurysm. The extra-cranial dissections develop between the media and adventitia layers of vessel wall while the intracranial dissections are mostly present between the intimal and media layers and are surrounded by normal adventitia [7] .
Although treatment of dissecting aneurysms/pseudoaneurysms without obliteration of parent artery has been described for aneurysms other than PCA, rarely this approach has been done for dissecting PCA aneurysm (Lempert et al., 1998). We initially attempted this approach in our patients without sacrificing the parent artery. It is likely that the definitive endovascular approach to treat these aneurysms is to occlude the parent artery if the aneurysm is distal to the P2 segment. PCA balloon test occlusion may predict deficits due to artery sacrifice; however, technical difficulty in tracking the balloon must be weighed against the benefit of the test occlusion. Only few of the reported case series are described using a PCA balloon occlusion test [7] . Another 17-year-old male presented at the emergency room with severe headache, prior history reveals trauma 1 week back, initial CT was normal. Repeat CT at ER demonstrates massive SAH. CTA demonstrate supraclinoid ICA dissecting pseudoaneurysm ( Figure 5) . The location of traumatic intracranial pseudoaneurysms varies, but these are commonly found in the anterior circulation. Reported locations are vertebral artery, internal carotid artery (ICA), anterior cerebral artery (ACA), middle cerebral artery (MCA) and middle meningeal artery. The reported risk of hemorrhage in post-traumatic pseudoaneurysms is 19%, with a peak incidence of rupture at 2 -3 weeks after the injury, resulting in 32% -54% mortality [8] [9] . Therefore, an early diagnosis and urgent treatment is recommended. Treatment options include surgical repair and endovascular interventions. In our case we performed balloon occlusion test to check the collateral supply followed by endovascular right ICA trapping (Figure 6) .
Iatrogenic injuries are one of the common causes of the pseudoaneurysm, we have a 15-year-old male presented with the history of facial swelling and nasal bleed since 6 months. CT was suggestive of right juvenile nasopharyngeal angiofibroma. Pre-operative embolization was performed with PVA and coil. There was massive post-operative bleeding while removal of the nasal pack. Patient was resuscitated from shock and was taken angiogram suite on urgent basis; angiogram demonstrates right cavernous ICA pseudoaneurysm. However, due to non-availability of the covered stent/flow diverter, endovascular coiling was performed. Small residual neck shows refilling, check angiogram at 3 months reveal no significant interval change in the neck refilling ( Figure  7) . Frequency of pseudoaneurysms in the upper extremities is much lower than that in the lower extremities. Atherosclerotic aneurysm of the brachial artery is very rare [10] . If the only causal factor is trauma, the aneurysm takes the form of a pseudoaneurysm. Most pseudoaneurysms are the result of penetrating injuries, as it was also in our case (Figure 8) .
Treatments option for peripheral artery for pseudoaneurysms that can be performed with ultrasonographicguided manual compression, ligation, endovascular graft implantation, embolization, percutaneous ultrasoundguided thrombin injection (PUGTI), and surgical reconstruction [10] . 
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Nowadays PUGTI, technically less invasive, was introduced for treating pseudoaneurysm of the injured peripheral artery. Thrombin, a serine protease, cleaves fibrinogen into fibrin monomers, enables the formation of cross-linked fibrin by activating Factor XIII, and stimulates platelet activation [10] . When thrombin is exposed to a relatively static pool of blood in a pseudoaneurysm, it produces rapid thrombosis. Reeder et al employed low-dose (100 U/cc) thrombin injection to treat iatrogenic femoral artery pseudoaneurysm [10] .
The special characteristic of brachial artery pseudoaneurysm in our case is its relatively wide aneurysmal neck that is prone to intra-arterial thrombosis or distal embolization of new thrombus during PUGTI. To prevent these dreadful complications, the volume of the injected thrombin into the aneurysmal sac must not be higher than that of active blood flow in the pseudoaneurysm. In addition, the needle tip must be guided by CDUS to keep it away from the aneurysmal neck.
Major complications of PUGTI are anaphylaxis, abnormal haemostasis, intra-arterial thrombosis, and distal embolization. Intra-arterial thrombosis and distal embolization were treated by 5000 unit heparin infusion and keeping the forearm warm using warm sponging. Intra-arterial thrombosis and distal embolization were treated by 5000 unit heparin infusion and keeping the forearm warm using warm sponging.
Another 23-year-old female patient, presented with left forearm pulsatile swelling no definite history of trauma. CDUS demonstrate left ulnar artery pseudoaneurysm. Manual graded ultrasonographic compression was given for occlusion of the pseudoaneurysm sac [11] .
Percutaneous renal procedures could lead to several reno-vascular injuries such as hematomas, arterio-venous fistulas or pseudoaneurysm. The reported incidence of renal pseudoaneurysm following percutaneous nephrolithotomy (PCNL) is 0.6% to 1% [3] and it is usually assessed by renal angiography. Selective renal embolization is currently considered the most appropriate technique for the treatment for these complications [3] . We report two cases of renal pseudoaneurysm following PCNL, successfully treated by endovascular-occlusion using n-BCA and microcoils (Figure 9) .
Selective renal embolization is currently considered as the most appropriate technique in the treatment for reno-vascular complications with a success rate greater than 80% and low complication rate [3] .
The splenic artery is the most common site for pseudoaneurysms secondary to pancreatitis. Treatment of splenic artery aneurysm is recommended in patients with aneurysms greater than 2 cm [12] . The prevalence of splenic artery aneurysm has increased in patients with portal hypertension and is estimated at 7% -20% with trauma & pancreatitis [13] . Here we report a similar case in which the patient presented with splenic artery pseudoaneurysm which was ruptured, & presented with hematemesis & malena (Figure 10 ). Surgical mortality is approximately 16% for pseudoaneurysms in the head of the pancreas and 50% for lesions in the tail. The risk of spontaneous rupture of extra-organic visceral pseudo aneurysm is very high regardless of their size and the mortality rate for such ruptures in morbid postsurgical patients approaches to about 100% [14] .
Selective embolization of the pseudoaneurysm is preferred although splenic artery endovascular occlusion is an alternative option, if selective catheterization of the aneurysm cannot be performed. In our case, we deployed initial few micro-coils followed by glue in the pseudoaneurysmal sac to achieve occlusion. However, there was some spillage of glue into the distal most splenic artery & its branches. Follow-up CT of the patient demonstrated small clinically silent peripheral splenic infarcts. The occurrence of complications after endovascular treatment is uncommon. Possible complications include post-embolization syndrome, transient elevation of pancreatic enzymes, splenic infarction, infection, abscess, and, rarely rupture of a pseudoaneurysm. Follow up imaging with CT or CDUS is recommended for assessment of the adequacy of treatment.
With increasing incidence of pancreatitis induced pseudoaneurysm, one of the most common presentation is haemosuccus pacreaticus due to rupture of aneurysm/pseudoaneurysm of peri-pancreatic artery into pancreatic duct [15] . The incidence of pseudoaneurysms in patients with severe acute pancreatitis is up to 10% [16] . Gastroduodenal artery aneurysms are extremely rare, comprising only 1.5% of all reported visceral aneurysms [16] . The CT demonstration of a homogeneously enhancing structure within or adjacent to a pseudocyst or contiguous with a vascular structure in a case of pancreatitis is highly suggestive of an associated pseudoaneurysm.
The visceral artery aneurysm recanalization rate following embolization is 9% [16] . It is thus important to follow-up such patients on short term basis, as recanalization rates are high which happened in our gastroduodenal pseudoaneurysm case (Figure 11) . In this case first we injected percutaneous human thrombin. The pseudoaneurysm sac recanalized after three days, following which we performed endoluminal trapping of the sac.
We report a patient with a pseudoaneurysm of a transverse facial artery following history of assault by stick over the left side of the face, developed a massive hematoma over the face. The following day, he was admitted to emergency room at our hospital. Computed tomography revealed a large subcutaneous hematoma. Selective External Carotid Artery (ECA) angiogram shows small pseudoaneurysm in the left transverse facial artery, trans-arterial embolization was performed with 20% glue (Figure 12 ) [17] .
Another patient presented with hypovolemic shock in the emergency department following caesarean section. Urgent laprotomy demonstrates massive retroperitoneal and pelvic haematoma with necrosis of right fallopian tube; there was no definite arterial leak which prompts us for an urgent diagnostic angiogram. Angiogram demonstrates pseudoaneurysm in a right internal iliac artery branch pseudoaneurysm, which was successfully embolized with 20% glue (Figure 13 ) [18] . Iatrogenic pseudoaneurysms are very common in the modern era. One of our patients presented with postappendicectomy fourth day massive malena which raise the suspicion of the vascular injury. Patient was immediately taken for catheter angiogram, which reveals large pseudoaneurysm in the ilio-colic branch of the superior mesenteric artery. Emergent endovascular trapping was performed with microcoils. Following procedure patient was stable with no fresh malena (Figure 14) .
Conclusion
Complications of pseudoaneurysm need early diagnosis and prompt treatment. It needs high index of suspicion on CDUS and CECT. Catheter angiogram was done for further catheterization and endovascular management. 
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These procedures are minimally invasive technique to exclude the pseudoaneurysm from the circulation. It reduces the possibility of life threatening internal hemorrhage, and nowadays is a preferred procedure over surgery.
